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Abstract: Zagros forests are mainly covered by Quercus brantii L. 
coppices and oak sprout clumps occupy the forest area like patches. We 
investigated post-fire herbaceous diversity in the first growing season 
after fire. For this purpose neighboring burned and unbumed areas were 
selected with the same plant species and ecological conditions. The data 
were collected from areas subjected to different fire severities. Overall 6 
treatments were considered with respect to fire severity and the mi¬ 
crosites of inside and outside of oak sprout clumps including: unbumed 
inside and outside of sprout clumps (Ni and No), inside of sprout clumps 
that burned with high fire severity (H), inside of sprout clumps that 
burned with moderate fire severity (M), outside of sprout clumps that 
burned with low fire severity (OH and OM). Different herbaceous com¬ 
position was observed in the unbumed inside and outside of oak sprout 
clumps. The species diversity and richness were increased in treatments 
burned with low and moderate fire severity. However, in treatment 
burned with high fire severity (H), herbaceous cover was reduced, even¬ 
ness was increased, and richness and diversity were not significantly 
changed. We concluded that besides the microsites conditions in forest, 
fire severity is an inseparable part of the ecological effect of fire on her¬ 
baceous composition. 
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Introduction 

In many parts of the world, fire as a natural disturbance factor 
can have major influences on vegetation composition (Agee 
1993; Nasi et al. 2002; Herath et al. 2009; Schaffhauser et al. 
2012). In savannah ecosystems, Mediterranean countries of 
Europe, and boreal forests, fire is a part of the ecosystem and a 
common environmental disturbance factor (Weber and Flannigan 
1997; Enright et al. 2005; Andersen et al. 2005). Fire severity is 
an accepted term for describing the ecological effects of a spe¬ 
cific fire that describes the degree of change in ecosystem com¬ 
ponents (DeBano et al. 1998). These changes are generally 
measured by visual indicators corresponding both soil and vege¬ 
tation characteristics after fire (Ryan 2002). 

Depending on site conditions, fire severity and fire regimes 
determine forest age structure, species composition and physi¬ 
ognomy, biodiversity (Uys et al. 2004; Safford and Harrison 
2004; Zyranova et al. 2007) and change the soil properties and 
quality (DeBano et al. 1998; Arocena and Opio 2003; Marti- 
nez-Salgado et al. 2010). Dominant native species that produce 
high vegetative cover often have the greatest potential to deter 
establishment of non-native species at small scales (Huston 2004; 
Smith et al. 2004; Bremner et al. 1982). 

The level of disturbance is also important in altering species 
diversity (Walpole and Sheldon 1999; Willott et al. 2000; Cleary 
et al. 2006; Elliott and Vose 2010; Maia et al. 2012). Low fire 
severity can promote herbaceous abundance and diversity (Hut¬ 
chinson et al. 2005) and increase availability of nutrients to 
plants (Gilliam 1988; Certini 2005; Knoepp et al. 2009; 
Scharenbroch 2012). Moderate levels of disturbance enhance 
diversity by providing additional ecological niches and preventing 
competitive exclusion of rarer species (Rosenzweig 1995; Elliott 
et al. 1999; Elliott and Vose 2005, 2010). Elliott and Vose (2010) 
demonstrated that herbaceous layer cover was either increased or 
not changed depending on site conditions and no significant 
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change in species diversity occurred after burning at any site. In 
contrast, Kuenzi et al. (2008) and Huisinga et al. (2005) reported 
that high fire severity can promote plant species cover and diver¬ 
sity more than low fire severity. Post-fire increase in plant spe¬ 
cies richness can also occur as a result of reduced vegetation 
biomass and cover, and consequently reduced competition for 
light (Pekin et al. 2012). Varying reports on the impacts of fire 
on herbaceous species diversity emphasize the need for more 
information across the full range of vegetation community types 
to better understand fire as an important ecological factor (Elliott 
and Vose 2010). 

Forest biodiversity encompasses a wide range of trees, shrubs, 
wild animals, and micro-organisms. It can be considered at ge¬ 
netic, species, population, community, landscape and ecosystem 
levels (Gillison and Liswanti 2004; Granke et al. 2009). Biodi¬ 
versity is very complex and generally described by two indices 
richness and evenness. Richness simply refers to the count of 
species present in a unit area. Evenness refers to the relative 
abundance of species (Rousseau and Van Hecke 1999). Various 
indices have been proposed to measure and quantify species 
diversity (Scherer et al. 2005). Although the ecological impacts 
of fire on forest ecosystems have been widely investigated, 
comparatively little is known about the ecological effect of fire 
on vegetation and herbaceous diversity in Zagros forests. Zagros 
forests range from northwest to southeast in Iran and are classi¬ 
fied as semi-arid forests (Sagheb-talebi et al. 2004). Oak species 
are dominant in Zagros forests and more than 90% of them occur 
in coppice form (ibid.) due to frequently cut. So in these oak 
coppice forests each tree accounts for several stems from a single 
stump and occupies the forest floor in patches that vary in area 
depending on density of sprouts. Increasing numbers of fire re¬ 
ports in these forests during recent decades (Pourreza 2009; 
Mohammadi et al. 2011) implicate fire as an important factor 
influencing biodiversity and structural change in these forests. In 
this study the herbaceous diversity was investigated in the first 
growing season after fire in Zagros coppice forests. Our main 
objectives were to (1) document herbaceous composition inside 
and outside of the microsites of oak sprout clumps and (2) inden- 
tify how herbaceous species composition and diversity change in 
areas subjected to different fire severity. 

Materials and methods 

Study area 

The study area was located in Ravansar, Kermanshah province, 
Iran with latitude 34° 51' 50" N and longitude 46° 31' 02" E (Fig. 
1). The climate of the study area is Mediterranean according to 
Demarton's classification with average annual precipitation about 
600 mm. The mean annual temperature is 14.9 °C (August: 29.3 
°C and January: 1.8 °C). The soil texture is generally sandy clay 
loam. The soil of the Zagros Mountains in this region is also 
generally calcareous (Jazirehi and Ebrahimi 2003). Quercus 
brantii Lindl. is the main tree species with coppice form of 
sprout clumps that occupy forest area like patches. More than 
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100 ha of this forest were burned in early September 2010. The 
forest surface was completely burned but fire severity was dif¬ 
ferent as a result of the heterogeneity and spatial pattern of fuel. 
In other words, inside the sprout clumps contained higher load of 
fuel compared to the outside of them (forest floor). We used an 
unburned area adjacent to the burned area helped to compare 
herbaceous diversity and soil characteristics in burned and un¬ 
burned areas. The unburned area (25 ha) was adjacent to the 
burned area and separated by a valley. Both sites were located 
along the same hillside with north-west geographical aspect, with 
the same slope (45%), elevation (1,700-1,820 m above sea level), 
soil properties and vegetation covers. 



Fig. 1 . The location of study area (•) in Iran’s map 
Experimental design and data collection 

In both burned and unburned area, 5 parallel transects were es¬ 
tablished along the hillside slop with 100 m distance from each 
other (Fig. 2). We considered six treatments namely: un- 
burned-inside of sprout clumps (Ni), unbumed-outside of sprout 
clumps (No), inside of sprout clumps that burned with high se¬ 
verity (H), inside of sprout clumps that burned with moderate 
severity (M), and outside of sprout clumps (forest floor) that 
burned with low severity (OH and OM). The treatments were 
selected randomly along transects (Fig. 2). Although we ex¬ 
pected that treatments OH and OM (low fire severity) would 
contain the same herbaceous structure we considered them sepa¬ 
rately with respect to their nearest burned sprout clump (M or H) 
(Fig. 2). The inside of unburned sprout clumps (Ni) is generally 
covered by litter, sprouts and grasses. So it generally contains a 
high load of fuel in contrast to the outside of sprout clumps (No) 
that covered just by grasses (Table 1). 

We used visual indicator such as litter depth and sprouts con¬ 
sumption, ash, sprout mortality and vegetation re-establishment 
to classify fire severity (Table 1). Vegetation re-establishment is 
closely dependent upon soil seed bank density and viability that 
is affected by fire severity. Vegetation re-established occurred 
with high density in both low severity burning (OH and OM) and 
moderate severity burning, while in high burning severity we 
observed low vegetation re-establishment. The different load of 
fuel inside of sprout clumps resulted in moderate or high severity 
burning. We assigned moderate and high severity burning treat- 
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ments by considering the fuel consumption and the mortality of 
sprout clumps and vegetation re-establishment (Table 1). 



(Ni) ^ (M) • <H) □ (No) g (OM) ■ (OH) 


Fig. 2. The arrangement of treatments in burned and unbumed area. Ni is 
unburned sprout clumps; H is sprout clumps burned with high severity; M is 
sprout clumps burned with moderate severity; OH is Outside of H; OM is 
Outside of M and No is outside of Ni. 

Table 1. Treatments and the indicators for treatments classification 

Indicators of choosing treatments (in the next 

NO. Treatments 

growing season after fire) 

1 Unburned- Inside 1- Inside of sprout clumps 

of sprout clumps 2- No evidence of fire 

(Ni) 3- Litter accumulation (depth- 1 5cm) 

4- Soil surface covered by litter 

5- High cover of herbaceous 

6- Sprouts survived 

2 Unburned- Outside 1- Outside of sprout clumps 

of sprout clumps 2- No evidence of fire 
(No) 3- No litter 

_4 - Hig h cover of herbaceous_ 

3 Burned with high 1- Inside of sprout clumps 

severity- Inside of 2- Obvious evidence of fire 
sprout clumps (H) 3- litter consumed 

4- Soil surface bare or covered by ash 

5- low cover of Herbaceous cover 

6- Sprouts consumed or dead (no survival)_ 

4 Burned with mod- 1- Inside of sprout clumps 

erate severity- 2- Obvious evidence of fire 
Inside of sprout 3- litter consumed 

clumps (M) 4- Soil surface covered by ash and duff 

5- High cover of herbaceous 

6- Some of sprouts consumed (especially 
small sprouts) bu t the other survived 

5 Burned with low 1-Outside of sprout clumps 

severity- Outside 2- No obvious evidence of fire (only the 

of sprout clump scorched collar of burned grasses and annual 

with respect to H plants) 

and M(OH and 3- No litter 

OM) 4- High cover of herbaceous 


Fifteen 1.5 m x 1.5 m quadrats were considered for each 
treatment to record herbaceous data using the Van der Marel 
(1979) method (Table 2). The surface area of sprout clumps var¬ 
ied from 6 to 10 m 2 and the quadrats were established in the 
center of sprout clumps. To compare some physical-chemical 
properties of soils at sites subjected to different fire severity, 10 


composite soil samples were collected from the top 5 cm of soil 
in areas representing each burning level of severity one year after 
fire. For soil data, the treatments OH and OM were considered 
the same and reported as Low fire severity. The soil physi¬ 
cal-chemical analyses were determined in triplicate for all char¬ 
acteristics. N was detennined by the Kjeldahl method (Bermner 
and Mulvaney 1982). Total organic C was detennined using a 
wet oxidation technique (Walkley and Black 1934). Soil mois¬ 
ture was checked by removing 5 g (wet weight) soil samples and 
weighing them before and after oven-drying at 105°C for 24 h. 
Soil electrical conductivity (EC) and pH were measured in de¬ 
ionised water (1:5 and 1:2.5 soil/water ratio, respectively) 
(McLean 1982). 


Table 2. The classifications of species cover percentage 


Class 

Coverage (%) 

Average (%) 

1 

<1 

1 

2 

1-5 

2.5 

3 

5-25 

12.5 

4 

25-50 

37.5 

5 

50-75 

62.5 

6 

75-100 

87.5 


Data analysis 

The detrended correspondence analysis (DCA) ordination 
method was employed to analyze the herbaceous data inside and 
outside the oak sprout clumps using Canoco for windows version 
4.5 (ter Braak & Smilauer 2002). To summarize species compo¬ 
sition in each treatment, the following parameters were calcu¬ 
lated: cover (CVR), relative cover (RCVR=individual species 
cover/^CVR of all species), frequency (FRQ=% of the total 
number of quadrats in which a species occurred) (McEwan and 
Muller 2011). To measure diversity components we simply used 
the number of species (S) as richness, and Shannon-Weiner di¬ 
versity index (/T): 

H' = ~Y j pMp 1 (l) 

where, pt is the proportion of individuals of the z'th species. 

Pielou index (Pielou 1966) was used for measuring the evenness 

(E): 

E = H ' / In S (2) 

where, S is the number of species and H ’ is Shannon’s index. 
Sorenson’s similarity index (5)): 

S l = 2c / a + b + 2c (3) 

where, c is the number of common species in both treatments, a 
is the total number of species occurred only in treatment a, and b 
is the total number of species occurred only in treatment b ) was 
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also used to compare the similarity of species composition 
among treatments (Magurran 2004; Eliotte and Vose 2010). The 
frequency of life form (Raunkiaer 1934) in each treatment was 
calculated. The normality distribution and variance homogeneity 
of data were tested by Kolmogorov-Smirnov and Leven’s test 
respectively. One-way analysis of variance (ANOVA) followed 
by Tukey’s HSD was used to compare the means of diversity 
indices, and soil physical-chemical properties. SPSS software 
was employed to do statistical comparisons. 


Low fire severity (OM and OH) and moderate fire severity (M) 
significantly increased herbaceous richness compared to the 
unbumed area (No and Ni, respectively). However richness was 
not significantly changed in high fire severity compared to Ni. 
The plant abundance inside and outside of sprout clumps (Ni and 
No) was similar. Low fire severity (OH and OM) significantly 
increased plant abundance. The sprout clumps subjected to high 
fire severity (H) had the fewest individuals. Evenness was only 
significantly increased after high fire severity. 


Results 


Table 3. The result of Tukey’s test for herbaceous individual, richness, 
evenness, and Shannon-Weiner indices among treatments 


The detrended corresponding analysis (DCA) of herbaceous 
cover indicated that apart from the fire effect, herbaceous com¬ 
position was different inside of the sprout clumps microsites (Ni) 
compared to outside (No) or on the forest floor (Fig. 3). The 
quadrats of inside and outside the microsites of oak sprout 
clumps were separated by a second axis. This meant that 
post-fire herbaceous composition was also specified by microsite 
conditions. 



Fig. 3. The result of detrended corresponding analysis (DCA) of herba¬ 
ceous composition with respect to the microsites of inside of sprout 
clumps (H, M, Ni) at the right side and outside of them (OH, OM, No) at 
the left side. Ni is unbumed sprout clumps; No is outside of Ni; H is 
sprout clumps burned with high severity; M is sprout clumps burned with 
moderate severity; OH and OM are outside of H and M. 


The summarized species composition by parameters: cover, 
relative cover, and frequency indicated that Biberstinia multifida 
had greatest CVR and RCVR, and Galium aparine was the most 
frequent in the quadrats inside of the burned and unburned sprout 
clumps (Ni, H, M) (Appendix 1). Brumos tecterom had highest 
CVR, RCVR and frequency in quadrats outside the burned and 
unburned sprouts clumps (OH, OM, No), (Appendix 1). 

The analysis of variance (ANOVA) for herbaceous species 
richness, evenness, Shannon-Weiner indices, and the number of 
individuals showed significant differences between treatments 
inside of sprout clumps microsites. Tukey’s post hoc test indi¬ 
cated a significant difference of herbaceous richness inside of the 
sprout clumps (Ni) compared to outside of them (No) (Table 3). 
The outside of sprout clumps had the greater richness than inside 
of them. 


Burned site Unburned site 


index 

H 

M 

OH 

OM 

Ni 

No 

Richness 

3.73c 

8.60b 

13.33a 

13.60a 

5.06c 

10.13b 

Individual 

6.66c 

83.00b 

113.06a 

122.66a 

82.66b 

80.80b 

Shan non-Weiner 

1.15cd 

1.3 lbc 

1.70a 

1.64ab 

0.93d 

1.12cd 

Evenness 

0.89a 

0.46bc 

0.42cd 

0.39cd 

0.54b 

0.31d 


Notes: Different letters indicate significant differences (p < 0.05). Ni is un¬ 
burned sprout clumps; No is outside of Ni; H is sprout clumps burned with 
high severity; M is sprout clumps burned with moderate severity; OH and OM 
are outside of H and M. 

There was no significant difference between moderate fire se¬ 
verity (M) and unburned sprout clumps (Ni) in terms of herba¬ 
ceous abundance. The diversity was not significantly different 
between unburned inside and unburned outside of sprout clumps 
(Ni and No). However, diversity increased in areas subjected to 
both low and moderate fire severity compared to No and Ni, 
respectively. The evenness index was significantly different be¬ 
tween unburned inside and unburned outside of sprout clumps 
(Ni and No) (Table 3). 

Comparing the Sorenson’s similarity index between unburned 
inside and unburned outside of sprout clumps indicated that the 
value of this similarity was 51% between Ni and No and it was 
increased to 71% after moderate fire severity (between M and 
OM). While this value decreased to 41% by high fire severity 
(between H and OH). Also the results indicated that OH and OM 
were the most similar treatments (91%) as we expected (Table 

4). 


Table 4. Sorenson similarity index (%) among treatments 


Treatments 

H 

OH 

M 

OM 

Ni 

No 

H 

1 






OH 

44% 

1 





M 

43% 

80% 

1 




OM 

41% 

91% 

76% 

1 



Ni 

58% 

54% 

56% 

51% 

1 


No 

26% 

80% 

75% 

75% 

51% 

1 


Notes: H is sprout clumps burned with high severity; Ni is unburned sprout 
clumps; No is outside of Ni; M is sprout clumps burned with moderate sever¬ 
ity; OH and OM are outside of H and M. 
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Therophytes were the most frequent life form in both 
unburned and burned areas (Fig. 4). The frequency of 
therophytes increased after moderate fire severity (M) compared 
to unburned sprout clumps (Ni) and high fire severity (H). 

Soil physical-chemical properties were also changed depend¬ 
ing on fire severity. The soil pH did not differ significantly be¬ 
tween inside of sprout clumps or Ni (7.64) and outside of sprout 
clumps or No (7.59), (Table 5). Soil pH was significantly higher 
(p <0.05) in the high fire severity or H (7.94) compared to mod¬ 
erate fire severity or M (7.74) and Ni (7.64). It was not signifi¬ 
cantly different between low fire severity (7.66) and No (7.59). 
The soil organic carbon (SOC) of Ni (65.2) was potentially 


higher than No (27.47) (Table 5). SOC was significantly lower (p 
<0.05) both in M (56.08) and H (35.9) compared to Ni. It was 
also significantly lower (p <0.05) in H compared to M. SOC was 
not significantly changed by low fire severity (23.8) compared to 
No. The variability of the N concentrations among treatments 
was similar to the C concentrations except that it was not sig¬ 
nificantly differed between M (5.8) and H (4.8) and also M and 
Ni (6.14). The electrical conductivity (EC) was significantly 
different between Ni (360.6) and No (213), however no signifi¬ 
cant change was observed by the other different burning severity 
(Table 5). 


Table 5. Physical and chemical variables (mean ± SE) of soil measured in the unbumed area (inside and outside of the sprout clumps) and in burned area 
(with low, moderate and high severity) after one year 


Treatments 

SOC 

(g-kg' 1 , dry soil) 

Nitrogen 
(g-kg' 1 , dry soil) 

pH 

EC 

(|iS- cm' 1 ) 

Water content 

(%) 

Litter 

(cm) 

OM,OH 

23.8 ± 1.77d 

2.64 ± 0.22c 

7.66 ± 0.24bc 

208.1 ± 5.39b 

0.21 ± 0.01b 

0b 

M 

56.08 ± 2.23b 

5.85 ± 0.48ab 

7.74 ± 0.12b 

396.2 ± 22.93a 

0.38 ± 0.01a 

0b 

H 

35.9 ± 2.22c 

4.80 ± 0.27b 

7.94 ± 0.42a 

419 ± 22.94a 

0.34 ± 0.01a 

0b 

Ni 

65.2 ± 1.32a 

6.14 ± 0.31a 

7.64 ± 0.05bc 

360.62 ± 24.94a 

0.37 ± 0.02a 

15 ± 1.03a 

NO 

27.47 ± 1.28d 

2.56 ± 0.28c 

7.59 ± 0.06c 

213.02 ± 13.76b 

0.22 ± 0.01b 

0b 


Notes: Ni is unburned sprout clumps; No is outside of Ni; H is sprout clumps burned with high severity; M is sprout clumps burned with moderate severity; OH 
and OM are outside of H and M; SOC is soil organic carbon. 


C Geo W! Hemi H Th 



H Ho M Mo Ni NO 

Treatments 


Fig. 4. Life form frequency of herbaceous species in different treatments. 
Therophyte (Th), Hemiphyte (Hemi) and geophyte (Geo), Ni is unbumed 
sprout clumps; No is outside of Ni; H is sprout clumps burned with high 
severity; M is sprout clumps burned with moderate severity; OH and OM 
are outside of H and M. 

Discussion 

In this study we intended to understand the fire influence on 
herbaceous diversity in relation to the microsites of oak sprout 
clumps and fire severity. Apart from fire effect the results simply 
implied a different herbaceous composition between inside and 
outside of sprout clump microsites (Ni and No). Also, inside of 
sprout clumps (Ni) soils contained significantly higher SOC, N 
and water than outside of them (No). It is well known that her¬ 
baceous community composition is dependent upon microsite 
conditions and soil fertility (Small and McCarthy 2005; McEwan 


and Muller 2011). The different conditions in microsites (e.g. 
litter, organic matter, light availability and moisture content) 
probably determine the composition of herbaceous species. 
Bromus tectorum was the most frequent herbaceous species with 
highest CVR and RCVR outside of sprout clumps (i.e. on the 
forest floor). While for the microsites inside of the sprout clumps, 
Biberstinia multifida had highest CVR and RCVR and Galium 
aparine was most frequent, probably due to relatively high 
moisture content. 

In this study, burning time coincided with the dormant season 
and this promoted survival of the soil seed banks and root sys¬ 
tems of herbaceous species (Elliott and Vose 2010) although it is 
highly dependent upon fire severity (Maia et al. 2012). Low and 
moderate fire severity promoted post-fire species richness and 
diversity. While high fire severity (H) reduced the herbaceous 
cover, increased evenness but did not significantly change rich¬ 
ness or diversity. 

Our results are consistent with some studies and inconsistent 
with others. Hutchinson et al. (2005) found that low fire severity 
can promote abundance and diversity of herbaceous cover. While 
Elliott and Vose (2010) demonstrated that low fire severity had 
no significant impact on species diversity. Others have reported 
that moderate levels of disturbance enhance diversity by provid¬ 
ing additional ecological niches and preventing competitive ex¬ 
clusion of rare species (Rosenzweig 1995; Elliott et al. 1999; 
Willott et al. 2000; Cleary et al. 2006). 

Microsites subjected to moderate fire severity (M) increased 
heterogeneity and contained the same species presented outside 
of the sprout clumps (OH, OM, No). Reportedly, fire can recre¬ 
ate heterogeneity and promote biodiversity (Fule et al. 2004; 
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Cleary et al. 2006; Odion and Sarr 2007). Post-fire plant species 
richness also tends to increase in response to lower vegetation 
biomass and cover probably by reducing competition for light 
(Pekin et al. 2012). 

In our study the inside of the sprout clumps contained much 
higher organic matter than outside and this led to moderate and 
high fire severity. Burning severity was low on the forest floor or 
outside of sprout clumps (OM and OH) that was covered by with 
grasses cover. Fire severity in grasses is generally low because 
the same amount of heat does not transfer to the soil due to quick 
move of fire through grasses (Neary et al. 1999). This contrasts 
with slow-moving fires in areas with moderate and heavy fuels. 
The post-fire data indicated that low fire severity did not signifi¬ 
cantly change SOC content but both moderate and high fire se¬ 
verity significantly reduced SOC content. Soil organic C is one 
of the most important indicators of soil quality (Marti- 
nez-Salgado et al. 2010). Total N was changed similar to SOC. 
Loss of organic C and N depends on fire intensity and combus¬ 
tion of organic matter. The losses of organic C and N occur at 
temperatures of 22(M160°C (DeBano et al. 1998). Soil pH was 
significantly increased only by high fire severity. Increase in soil 
pH after fire only occurs once temperatures exceed 450-500 °C 
as a result of denaturation of organic acids (Certini 2005). 

Site conditions and vegetation type are key factors that can 
affect the impacts of wildfire. For instance Elliott and Vose 
(2010) considered two levels of fire severity (low and moderate) 
and concluded that herbaceous diversity was not changed after 
low severity fires but was changed after moderate severity fire. 
Huisinga et al. (2005) found that total plant species richness and 
abundance increased after high fire intensity in Grand Canyon 
National Park. Similarly Kuenzi et al. (2008) found that high fire 
severity is more influential in increasing plant species richness 
and exotic species than low fire severity. In contrast, Scharen- 
broch (2012) reported that high fire severity had negative im¬ 
pacts on vegetation (presence of exotic species) and soil nutrient 
cycling while species diversity was increased by low fire severity 
and no negative impacts were detected. We found that both low 
and moderate fire severity increased species richness and diver¬ 
sity. Although high fire severity reduced vegetation cover and 
plant abundance, it did not significantly influence richness and 
diversity. 

Conclusions 

Different fire severity can result in different vegetation composi¬ 
tion and diversity. On the other hand different ecosystems may 
respond differently to the fire. This makes the influence of fire 
on vegetation complicated to predict and impossible to extrapo¬ 
late from one ecosystem to another. Fire ecologists and managers 
have used prescribed fire as a tool to control vegetation composi¬ 
tion and diversity in fire-prone lands. Our results indicated that 
the forest managers can take advantages of low and moderate fire 
severity in Zagros forest (that have never been used) as a tool for 
forest management. However, further studies are needed to better 
understand fire effects on species community composition and 
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diversity. 
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Appendix 1. Cover area (cm 2 -m' 2 ), relative cover, and frequency (%) of herbaceous species in different treatments (H, OH, M, OM, Ni, No) 




Cover area (cm -m‘ 

0 



Relative cover area 




Frequency (%) 



Species 

H 

OH 

M 

OM 

Ni 

No 

H 

OH 

M 

OM 

Ni 

No 

H 

OH 

M 

OM 

Ni 

No 

Agilops umbellatum 

0 

63.3 

86.7 

46.7 

0 

100 

0 

0.5 

1 

0.4 

0 

1.2 

0 

33 

47 

27 

0 

53 

Alopecoros apitus 

0 

0 

13.3 

0 

0 

0 

0 

0 

0.1 

0 

0 

0 

0 

0 

13 

0 

0 

0 

Alysum meniocoides 

0 

247 

83.3 

137 

0 

6.67 

0 

2.4 

0.8 

1 

0 

0.1 

0 

53 

6.7 

67 

0 

6.7 

Anagalis arvensis 

Anthemis odontostephana 

0 

0 

0 

250 

0 

0 

0 

0 

0 

1.5 

0 

0 

0 

0 

0 

6.7 

0 

0 

Boiss. 

0 

307 

0 

270 

0 

13.3 

0 

2.8 

0 

2.3 

0 

0.2 

0 

47 

0 

73 

0 

13 

Antheriscus sylvesteris 

0 

333 

50 

257 

0 

197 

0 

3.5 

0.9 

1.6 

0 

2.2 

0 

27 

20 

13 

0 

60 

Asperola arvensis 

0 

173 

83.3 

96.7 

0 

20 

0 

1.6 

0.8 

0.7 

0 

0.2 

0 

47 

6.7 

47 

0 

20 

Biberstinia multifida. 

203 

83.3 

3917 

83.3 

5143 

0 

23 

0.6 

47 

0.5 

60 

0 

67 

6.7 

87 

6.7 

100 

0 

Bronms tectonun 

0 

5167 

300 

5000 

0 

4340 

0 

45 

3 

44 

0 

56 

0 

93 

27 

93 

0 

100 

Bronms Tomentellns 

0 

500 

117 

76.7 

6.67 

187 

0 

4.4 

1.5 

0.9 

0.1 

2.2 

0 

40 

20 

47 

6.7 

60 

Cardinia orientalis 

0 

63.3 

33.3 

270 

0 

223 

0 

0.6 

0.4 

2.7 

0 

2.7 

0 

33 

13 

40 

0 

87 

Cartamus oxyacantha 

Cephalorrhynchus mi- 

13.3 

6.67 

26.7 

0 

0 

6.67 

2.7 

0.1 

0.3 

0 

0 

0.1 

13 

6.7 

27 

0 

0 

6.7 

crocephalus 

0 

190 

33.3 

193 

0 

13.3 

0 

1.6 

0.3 

1.4 

0 

0.2 

0 

53 

13 

67 

0 

13 

Ceratsium inflation 

0 

117 

20 

83.3 

0 

33.3 

0 

1 

0.3 

0.8 

0 

0.4 

0 

47 

20 

53 

0 

13 

Cerpis sancta 

0 

93.3 

23.3 

107 

0 

76.7 

0 

0.8 

0.3 

1 

0 

1.1 

0 

53 

13 

67 

0 

47 

Chondrillajuncea 

0 

0 

0 

0 

0 

40 

0 

0 

0 

0 

0 

0.5 

0 

0 

0 

0 

0 

20 

Ephorbia condylocarpa 

76.7 

50 

100 

20 

0 

13.3 

14 

0.5 

1.4 

0.2 

0 

0.2 

73 

20 

60 

20 

0 

13 

Eremopoa persica 

6.67 

23.3 

13.3 

0 

6.67 

0 

1.1 

0.2 

0.3 

0 

0.1 

0 

0 

13 

13 

0 

6.7 

0 

Fritilaria sp. 

0 

33.3 

6.67 

20 

13.3 

6.67 

0 

0.3 

0.1 

0.2 

0.2 

0.1 

0 

33 

6.7 

20 

6.7 

6.7 

Galium aparine 

153 

0 

470 

0 

1077 

0 

28 

0 

5.4 

0 

13 

0 

93 

0 

93 

0 

100 

0 

Garhadialus angulosus 

0 

6.67 

0 

33.3 

0 

0 

0 

0.1 

0 

0.3 

0 

0 

0 

6.7 

0 

33 

0 

0 

Geranium tuberosum 

13.3 

607 

123 

873 

6.67 

76.7 

2.6 

5.1 

1.2 

6.4 

0.1 

1 

13 

53 

27 

60 

6.7 

47 

Helianthemum ledifolium 

0 

20 

6.67 

6.67 

0 

53.3 

0 

0.2 

0.2 

0.1 

0 

0.6 

0 

20 

0 

6.7 

0 

33 

Hordeum bulbosum 

0 

583 

0 

2000 

96.7 

867 

0 

4.1 

0 

13 

0.9 

7.6 

0 

20 

0 

40 

20 

27 

Iris sp 

0 

20 

0 

6.67 

0 

0 

0 

0.2 

0 

0.1 

0 

0 

0 

20 

0 

6.7 

0 

0 

Lamium amplenicaule 

23.3 

6.67 

53.3 

13.3 

0 

0 

2 

0.1 

0.7 

0.1 

0 

0 

13 

6.7 

33 

13 

0 

0 

lathyrus inconspicus 

0 

0 

0 

0 

0 

250 

0 

0 

0 

0 

0 

2.7 

0 

0 

0 

0 

0 

6.7 

Malva neglecta 

107 

140 

407 

60 

317 

0 

9 

1.2 

5.1 

0.5 

4.1 

0 

20 

27 

80 

40 

47 

0 

Moscaria neglectum 

6.67 

313 

23.3 

36.7 

240 

33.3 

1.5 

2.4 

0.4 

0.4 

3.1 

0.6 

6.7 

47 

13 

27 

47 

13 

Onopordon sp 

0 

83.3 

0 

0 

0 

0 

0 

1.3 

0 

0 

0 

0 

0 

6.7 

0 

0 

0 

0 

Papaver argemone 

0 

20 

6.67 

13.3 

0 

33.3 

0 

0.1 

0.1 

0.1 

0 

0.3 

0 

20 

6.7 

13 

0 

13 

Poa bulbosa 

0 

130 

33.3 

647 

16.7 

100 

0 

1.2 

0.4 

5.1 

0.1 

1.4 

0 

60 

13 

80 

6.7 

60 

Ranancolus arvensis 

6.67 

20 

180 

137 

0 

0 

1.5 

0.2 

2.4 

1.2 

0 

0 

6.7 

20 

27 

40 

0 

47 

Scandix iberica 

0 

637 

100 

347 

36.7 

907 

0 

5.9 

1 

3.2 

0.4 

11 

0 

80 

13 

67 

27 

47 

Scorzonera cinerea 

0 

150 

0 

0 

0 

207 

0 

1.3 

0 

0 

0 

2.6 

0 

33 

0 

0 

0 

33 

Silen commelinifolia 

33.3 

0 

293 

0 

190 

0 

6.5 

0 

3.8 

0 

2.3 

0 

33 

0 

53 

0 

27 

0 

Taeniatherum crinitu 

0 

66.7 

0 

310 

0 

43.3 

0 

0.6 

0 

2.2 

0 

0.6 

0 

27 

0 

60 

0 

33 

Thlaspi perfoliatum 

0 

43.3 

0 

163 

0 

0 

0 

0.5 

0 

1.3 

0 

0 

0 

33 

0 

47 

0 

0 

Trifolium dasyurum 

0 

567 

0 

657 

0 

63.3 

0 

4.2 

0 

4.7 

0 

0.8 

0 

53 

0 

67 

0 

33 


Notes: Cover area (cnf-m’ 2 ) means surface area that covered by this specific species (cm 2 ) in quadrats (m 2 ). Ni is unburned sprout clumps; No is outside of Ni; H is 
sprout clumps burned with high severity; M is sprout clumps burned with moderate severity; OH and OM are outside of H and M. 
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